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1. Introduction

There are four alternatives have been have been identified for supporting relays [1]: 
-
Alt 1: Full-L3 relay, transparent for DeNB

-
Alt 2: Proxy S1/X2

-
Alt 3: RN bearers terminate in DeNB

-
Alt 4: S1 UP terminated in DeNB
It has been decided at RAN3 #65bis that the quantitative comparisons on the performance and specification impacts are required in order to down select the relay architecture options.

This document compares these four relay architecture alternatives by analysing the performance of UE mobility support. The initial observations are presented for further discussion.
2. Discussion

An important aspect of UE mobility support performance from an end user and application perspective is the length of the interruption in service, during which a UE’s ongoing application session is disrupted due to handover. When a handover takes place there will be a certain amount of time when the packet delivery to the UE is disrupted. This disruption in the normal regular flow of traffic packets to and from a UE will cause an application level service disruption due to the interaction between the application and lower layer protocols. 
In this document we focus on the investigation of handover procedure duration, which is closely related to the service disruption time. It is assumed that:

1) 
S1 handover procedure duration starts from when the Source eNB sends out “Handover Required” and ends when the Source eNB receives “UE Context Release”; 
2) 
X2 handover procedure duration starts from Source eNB sends out “Handover Request” and when the Source eNB receives “UE Context Release”.
2.1. Handover Scenarios in a Relay Network
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Figure 1 – UE Handover Scenarios in a Relay Network
Six UE handover scenarios have been identified in [2]. We limit our discussions in this contribution to the following six scenarios. At this stage multi-hop relays are not considered in this analysis.
· Scenario 1a: (RN_11 ( DeNB_1)

UE moves from relay coverage into the coverage area of its serving donor eNB (DeNB). 
· Scenario 1b: (DeNB_1 ( RN_11)

UE moves from DeNB coverage to the coverage area of its relay node (RN). 
· Scenario 2a: (RN_12 ( DeNB_2)

UE moves from relay coverage to the coverage area of the neighbouring eNB.
· Scenario 2b: (DeNB_2 ( RN_12)

UE moves from eNB coverage to the coverage area of the neighbouring RN.
· Scenario 3: (RN_12 ( RN_21)
UE moves between relay coverage and the coverage area of another relay associated with a neighbouring DeNB. 

· Scenario 4: (RN_11 ( RN_12)

UE moves between relay coverage and the coverage area of a relay associated with the same DeNB. 
2.2. Delay Budget
Taken into account the four relay architecture alternatives [1], the one-way transmission times and the associated processing times are summarized in Table 1 respectively. The delay budget of the common parameters for all four alternatives is based on [3], such as NU, UN, RR, Sync, etc. It is also assumed that one-way transmission time between DeNB to RN is 2ms.
Table 1 – Delay Budget in Relay Network
	
	Description
	Alt. 1
	Alt. 2
	Alt. 3
	Alt. 4

	NU
	One-way transmission from eNB/RN to UE (2 ms) and processing in UE (2 ms)
	4 ms

	UN
	One-way transmission from UE to eNB/RN (2 ms) and processing in eNB/RN (2 ms)
	4 ms

	RR
	Resource Reservation in eNB/RN
	5 ms

	Sync
	Synchronization time at UE
	20 ms

	NN
	One-way transmission between eNodeBs (5 ms) and processing in eNodeB (2 ms)
	7 ms

	MD
	One-way transmission from MME/S-GW to eNB/DeNB (5 ms) and processing in eNB/DeNB (2 ms)
	7 ms

	DM
	One-way transmission from eNB/DeNB to MME/S-GW (5 ms) and processing in MME/S-GW (2 ms)
	7 ms

	DR
	One-way transmission from DeNB to RN (2 ms) and processing in RN (2 ms)
	4 ms

	RD
	One-way transmission from RN to DeNB (2 ms) and processing in DeNB (2 ms)
	4 ms

	MR
	One-way (S1) transmission from MME to RN (Note 1) and processing in RN (2 ms)
	20 ms
	13 ms
	13 ms
	13 ms

	RM
	One-way (S1) transmission from RN to MME (Note 1) and processing in MME (2 ms)
	20 ms
	13 ms
	13 ms
	13 ms

	XDR
	One-way (X2) transmission from DeNB to its RN (Note 2) and processing in RN (2 ms)
	20 ms
	4 ms
	6 ms
	4 ms

	XRD
	One-way (X2) transmission from RN to its DeNB (Note 2) and processing in DeNB (2 ms)
	20 ms
	4 ms
	6 ms
	4 ms

	XNR
	One-way (X2) transmission from eNB to RN (Note 3) and processing in RN (2 ms)
	20 ms
	13 ms
	15 ms
	13 ms

	XRN
	One-way (X2) transmission from RN to eNB (Note 3) and processing in eNB (2 ms)
	20 ms
	13 ms
	15 ms
	13 ms

	XRR
	One-way (X2) transmission between RNs under same DeNB (Note 4) and processing in RN (2 ms)
	24 ms
	10 ms
	14 ms
	10 ms

	XRDR
	One-way (X2) transmission between RNs under different DeNBs (Note 5) and processing in RN (2 ms)
	29 ms
	17 ms
	21 ms
	17 ms


Note 1: One-way (S1) transmission between RN and MME
Alt. 1: 


UE’s MME ( RN’s S-GW ( DeNB ( RN
Alt. 2/3/4:  
MME ( DeNB ( RN
Note 2: One-way (X2) transmission between DeNB and its RN
Alt. 1: 


DeNB ( RN’s S-GW ( DeNB ( RN
Alt. 2/3/4:  
DeNB ( RN
Note 3: One-way (X2) transmission between RN and eNB
Alt. 1:


eNB ( RN’s S-GW ( DeNB ( RN
Alt. 2/3/4:  
eNB ( DeNB ( RN
Note 4: One-way (X2) transmission between RNs under same DeNB
Alt. 1: 


RN1 ( DeNB ( RN’s S-GW ( DeNB ( RN2 
(assuming RN1 and RN2 share the same RN’s S-GW)
Alt. 2/3/4:  
RN1 ( DeNB ( RN2
Note5: One-way (X2) transmission between RNs under different DeNBs
Alt. 1: 


RN1 ( DeNB1 ( RN1’s S-GW ( RN3’s S-GW ( DeNB2 ( RN3
Alt. 2/3/4:  
RN1 ( DeNB1 ( DeNB2 ( RN3
2.3. S1 Handover vs. X2 Handover
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Figure 2 – Intra-MME S1 Handover Procedure
2.3.1. Intra-LTE Handover Procedures
The intra-LTE handover procedures have been defined in [4], which included the handover procedures with MME/UPE involvement (S1 HO) and without MME/UPE involvement (X2 HO). Figure 2 and 3 displays the S1 and X2 handover procedures respectively. 
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Figure 3 – Intra-MME X2 Handover Procedure
2.3.2. Handover Procedure Duration
Six UE handover scenarios in 4 relay architecture alternatives have been studied in order to investigate the impact of relay architecture on the handover procedure duration of both S1 HO and X2 HO.
It is assumed that 1) S1 handover procedure duration starts from when the Source eNB sends out “Handover Required” and ends when the Source eNB receives “UE Context Release”; 2) X2 handover procedure duration starts from Source eNB sends out “Handover Request” and when the Source eNB receives “UE Context Release”.

Scenario 1a: (RN_11 ( DeNB_1)
· S1 HO:  D =  RM + MD + DM + MR +NU + RR + XRD + Sync + UN + DM + MD + XDR
· X2 HO:  D =  XRD + XDR + NU + RR + Sync + XRD + UN + DM + MD + XDR
Scenario 1b: (DeNB_1 ( RN_11)

· S1 HO:  D =  DM + MR + RM + MD + RR + NU + XDR + Sync + UN + RM + MR + XDR
· X2 HO:  D =  XDR + XRD + NU + RR + Sync + XDR + UN + RM + MR + XRD
Scenario 2a: (RN_12 ( DeNB_2)

· S1 HO:  D = RM + MD + DM + MR +NU + RR + XRN + Sync + UN + DM + MD + XNR
· X2 HO:  D = XRN + XNR + NU + RR + Sync + XRN + UN + DM + MD + XNR
Scenario 2b: (DeNB_2 ( RN_12)
· S1 HO:  D = DM + MR + RM + MD + RR + NU + XNR + Sync + UN + RM + MR + XRN
· X2 HO:  D = XNR + XRN + NU + RR + Sync + XNR + UN + RM + MR + XRN
Scenario 3: (RN_12 ( RN_21)

· S1 HO:  D =  MR + RM + MR + RM + RR + NU + XRDR + Sync + UN + RM + MR + XRDR
· X2 HO:  D =  XRDR + XRDR + NU + RR + XRDR + Sync + UN + RM + RM + XRDR
Scenario 4: (RN_11 ( RN_12)

· S1 HO:  D = MR + RM + MR + RM + RR + NU + XRR + Sync + UN + RM + MR + XRR
· X2 HO:  D = XRR + XRR + NU + RR + XRR + Sync + UN + RM + RM + XRR
2.3.3. Numerical Results
The effect of different relay architecture alternatives on the handover procedure durations has been investigated. Figure 4 and Figure 5 illustrates the X2 and S1 handover procedure durations in 6 UE handover scenarios in 4 relay alternatives.
In general, Alternative 1, shows the worst performance in all 6 handover scenarios for both S1 and X2 handover. All other three alternatives display very similar performance. 
Both S1 and X2 handover procedures in HO Scenario 3 where UE moves between two relay nodes that are associated with different DeNBs show longest duration in all four relay architecture alternatives. Especially in Alternative 1 architecture it takes about 200ms to hand over a UE completely from a RN to another RN associated with a neighbouring DeNB, while in other three alternatives it takes just under 150ms.

Compared with S1 handover, X2 handover procedures for all HO scenarios in all relay architecture alternatives show better performance. As an example, Figure 6 depicts the comparison between S1 and X2 handover durations in an Alternative 1 relay network.  X2 handover duration is generally about 10% shorter than S1 handover as shown in the figure. Especially in HO Scenario 4 where UE moves between relay nodes associated with the same DeNB it takes 18.9% less time to hand over a UE via X2 HO procedure than S1 HO.  
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Figure 4 – S1 Handover Procedure Duration
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Figure 5 – X2 Handover Procedure Duration
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Figure 6 – S1 HO vs. X2 HO in Alternative 1
3. Initial Observations and Proposal
We have investigated the handover procedure duration of both S1 HO and X2 HO in 6 different UE handover scenarios in 4 relay architecture alternatives.
1) In general, Alternative 1 shows the worst performance in all 6 handover scenarios for both S1 and X2 handover. All other three alternatives display very similar performance.

2) Both S1 and X2 handover procedures in HO Scenario 3 where UE moves between two relay nodes that are associated with different DeNBs show longest duration in all four relay architecture alternatives.
3) Compared with S1 handover, X2 handover procedures for all HO scenarios in all relay architecture alternatives show better performance.

We would like to propose that the analysis described in this paper be included in the internal TR on relays.
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